Dynamic nuclear polarisation in biased quantum wires with spin-orbit
  interaction by Tripathi, V. et al.
ar
X
iv
:0
70
9.
03
33
v2
  [
co
nd
-m
at.
me
s-h
all
]  
5 M
ar 
20
08
epl draft
Dynamic nuclear polarisation in biased quantum wires with spin-
orbit interaction
V. Tripathi1, A. C. H. Cheung2 and N. R. Cooper2
1 Department of Theoretical Physics, Tata Institute of Fundamental Research, Homi Bhabha Road, Mumbai 400005,
India
2 Theory of Condensed Matter Group, Cavendish Laboratory, Department of Physics, University of Cambridge,
J. J. Thomson Avenue, Cambridge CB3 0HE, United Kingdom
PACS 85.75.-d – Magnetoelectronics; spintronics: devices exploiting spin polarised transport or
integrated magnetic fields
PACS 71.70.Ej – Spin-orbit coupling, Zeeman and Stark splitting, Jahn-Teller effect
PACS 72.25.Pn – Current-driven spin pumping
Abstract. - We propose a new method for dynamic nuclear polarisation in a quasi one-dimensional
quantum wire utilising the spin-orbit interaction, the hyperfine interaction, and a finite source-
drain potential difference. In contrast with current methods, our scheme does not rely on external
magnetic or optical sources which makes independent control of closely placed devices much more
feasible. Using this method, a significant polarisation of a few per cent is possible in currently
available InAs wires which may be detected by conductance measurements. This may prove useful
for nuclear magnetic resonance studies in nanoscale systems as well as in spin-based devices where
external magnetic and optical sources will not be suitable.
The ability to locally manipulate spin has been the sub-
ject of intense research recently. In particular, local control
of nuclear polarisation in the vicinity of quantum dots and
in wires has diverse uses such as in nuclear magnetic res-
onance (NMR) studies [1] or for control of nuclear spins
in devices where external magnetic fields and/or optical
sources will not be suitable or convenient as for instance in
non-magnetic spin-filtering [2] and qubits [3]. In some very
beautiful recent experiments related to spin-based qubits,
dynamically-generated nuclear polarisation has been used
to control the decoherence of electron spins in quantum
dots [4, 5]. Nuclear polarisation can also be used to ma-
nipulate the electron spin-splitting in quantum wires [6]
without using a magnetic field. Local control of nuclear
polarisation in quantum wells using a gate contact has
now been demonstrated [7]; however, the polarisation it-
self involved the use of an optical source. In this Let-
ter, we propose a new method for dynamically generating
and controlling nuclear polarisation, locally and without
using magnetic and optical sources, in a nonequilibrium
quasi one-dimensional quantum wire with spin-orbit in-
teraction. By local we mean the nuclear polarisation is
within the wire and not in the bulk surroundings. We
argue that the role of spin-orbit interaction in creating a
spin-polarised electron distribution cannot in this scheme
be replaced with an external magnetic field. We estimate
the magnitude and build-up time for the polarisation as
around 2.5% and 200s respectively in typical InAs quan-
tum wires which compares favourably with other methods.
We discuss possible ways in which the nuclear polarisation
may be detected and measured, as for instance through a
measurement of the two-terminal conductance [6, 8].
The Overhauser effect [9] is used for dynamically po-
larising nuclei through their hyperfine coupling with elec-
trons using a magnetic field and an external radio source
tuned to the electron Zeeman splitting. The electron spin
resonance (ESR) inducing radio source tends to equalise
(saturate) the numbers of spin up and down electrons even
though they have different Zeeman energies — this implies
that the chemical potentials of the two spin species must
be different and the spin distribution is not in equilib-
rium. The electron spins at the higher chemical potential
ultimately relax with a spin flip to equalise the chemical
potentials; and some of these spins can be exchanged with
the nuclei. In this manner, a nonzero nuclear polarisa-
tion is built up. The key requirement for the Overhauser
scheme is the creation of a nonequilibrium electron spin
distribution. This usually involves pumping and satura-
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tion of the electron spins. In the presence of a magnetic
field, saturation may be attained by, besides ESR, hot
electrons [10], or optically through unpolarised light [11].
Hot electrons have been used to generate nuclear polari-
sation in InSb [12] subjected to a Zeeman field, and more
recently, in GaAs [13]. In the so-called optical Overhauser
effect, electron spin pumping is achieved using circularly
polarised light [11]. However these methods all involve
the use of physically large external sources of magnetic
field and light making local control of nuclear polarisation
difficult, which is the main motivation of our work.
Spin-orbit interaction offers one way where the elec-
tron spin degeneracy can be lifted without using an ex-
ternal field. The lifting of electron spin degeneracy by a
spin-orbit interaction differs in many ways from that in a
magnetic field. In particular, no electron spin polarisation
σe can be created solely through spin-orbit interaction in
a single sub-band quantum wire carrying a current [14].
However, it can be shown that in a quasi one-dimensional
model where the spin-orbit coupling mixes different sub-
bands, it is possible to obtain a finite σe by passing an
electric current through the wire [15]. This will be the
model we shall consider. Spin-orbit interaction in semi-
conductor devices is usually of the Rashba or Dresselhaus
kind. For simplicity, our analysis focuses on a Rashba in-
teraction, but our results will hold even in the presence of
a Dresselhaus interaction.
For strong spin-orbit coupling, the left and right moving
charges in the lowest two sub-bands of transverse momen-
tum quantisation can become, at sufficiently large wave-
vectors, completely spin-polarised with opposite spin ori-
entations for the two directions [15]. In the same multi-
band model, we show that a small (partial) σe occurs even
when the spin-orbit coupling is weak, typical in quantum
wires. As the left and right-moving electrons have overall
opposite polarisations, an applied potential difference cre-
ates a nonequilibrium electron spin distribution. There-
upon we show how nuclear polarisation develops in the
quantum wire due to the hyperfine coupling of the nuclei
with the nonequilibrium electrons.
It is important to note that merely polarising the con-
duction electron spins does not in general lead to dynamic
nuclear polarisation. We discuss later that dynamic nu-
clear polarisation is not possible by simply using an ex-
ternal magnetic field to polarise the conduction electrons
instead of spin orbit interaction.
Let us first discuss how spin-orbit coupling in a quasi
one-dimensional wire can lead to electron spin polarisa-
tion. Consider a two-dimensional gas (2DEG) of electrons
in the (x, z) plane. The geometry of the quantum wire is
such that the electrons are confined in the y and z direc-
tions and the transport “channel” is along the x axis. We
assume a hard wall confinement at z = 0 and z =W, and
at y = 0 and y = δ. The Hamiltonian of the 2D electrons
is
H =
1
2m
(p2x + p
2
z) + V (z) +HSO, where (1)
HSO =
~kSO
m
(σzpx − σxpz) (2)
is the Rashba spin-orbit interaction arising from the
2DEG’s asymmetric confinement in the y-direction. Its
interaction strength, kSO, may be controlled by an exter-
nal gate voltage [16]. σz and σx are Pauli matrices in the
space of electron spin.
In the absence of the Rashba interaction, the scattering
states are labelled by the sub-band index n of transverse
momentum quantisation:
ψnkσ = e
ikxx sin(k(n)z z)|σ〉, (3)
where k
(n)
z = nπ/W, n = 1, 2, . . . , and the energy eigen-
values are E
(0)
n (kx) = ~
2k2x/2m+(~nπ)
2/2mW 2. |σ〉 = | ↑
〉, | ↓〉 are the eigenstates of σz . The σzpx term in Eq.(2) re-
spects this sub-band quantisation but the σxpz term mixes
sub-bands whose indices differ by an odd number as well as
the spin eigenstates of σzpx. It is convenient to regard this
mixing term as a perturbation, and the rest as the bare
Hamiltonian. Then, the spatial part of the bare eigen-
states has the same form (Eq.(3)) as that in the absence
of spin-orbit interaction. The matrix elements of the sec-
ond term in the spin-orbit interaction are
Hn
′σ′,nσ
SO =
i~2kSO
mW
2nn′
n′2 − n2
[1− (−1)|n
′−n|]δσ,−σ′ . (4)
The mixing is strongest for sub-bands whose indices differ
by one; and so, it is sufficient to consider the two low-
est sub-bands [17]. In this approximation, the truncated
Hamiltonian is expressible as a 4 × 4 matrix in the basis
|nσ >= |1 ↑〉, |2 ↓〉, |2 ↑〉, |1 ↓〉 (in that order);
Htrunc. =


E1↑ −i∆SO 0 0
i∆SO E2↓ 0 0
0 0 E2↑ i∆SO
0 0 −i∆SO E1↓

 , (5)
where
En↑(↓) =
~
2k2x
2m
+
~
2n2π2
2mW 2
±
~
2kSOkx
m
, (6)
n = 1, 2, and ∆SO =
8
3
~
2kSO
mW
. The eigenvalues of Htrunc.
are
ǫ1a(2b) =
E1↑ + E2↓
2
∓
1
2
√
(E2↓ − E1↑)2 + 4∆2SO, (7)
ǫ1b(2a) =
E1↓ + E2↑
2
∓
1
2
√
(E2↑ − E1↓)2 + 4∆2SO. (8)
The eigenvectors are also easily found. In the spin basis
| ↑〉, | ↓〉, we have
ψ1a = e
ikxx
√
2
W
N1a
(
sin(πz/W )
ig1a(kx) sin(2πz/W )
)
, (9)
ψ1b = e
ikxx
√
2
W
N1b
(
ig1b(kx) sin(2πz/W )
sin(πz/W )
)
, (10)
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Figure 1: Electron spin-polarisation σe at large wave-vectors in
quantum wires with Rashba interaction — dispersion curves in
the two-band approximation for spin-orbit interaction strength
kSOW = 0.5 (a) and kSOW = 2 (b). Dotted curves: spin-orbit
split bands in the absence of sub-band mixing (Eq.(6)). Solid
curves: sub-band mixing lifts the degeneracy at kx 6= 0 in-
tersections. (a) Weak coupling: n = 1 and n = 2 sub-bands
intersection occurs at a wave-vector much larger than that at
the bottom of the n = 2 sub-band. Below this wave-vector,
the lowest two sub-bands 1a and 1b are oppositely polarised
and σe is small. (b) Strong coupling: the n = 1 and n = 2
sub-bands (dotted) intersect near the bottom of the n = 2 sub-
band. When kx > 3pi
2/(4kSOW
2) (dotted intersection), elec-
trons moving in a given direction in the lowest two sub-bands
1a and 1b will have the same orientation of spin polarisation.
where the “mixing” functions g1a and g1b are
g1a(kx) =
1
2∆SO
(
(E2↓ − E1↑)−
√
(E2↓ − E1↑)2 + 4∆2SO
)
(11)
and g1b(kx) = g1a(−kx), and the normalisa-
tions are N1a(b) = 1/
√
1 + (g1a(b)(kx))2. Note
that at sufficiently large negative values of kx,
ψ1a →
√
2/Weikxx sin(πz/W )| ↑〉. Likewise, at
sufficiently large positive values of kx, we have
ψ1a → −i
√
2/Weikxx sin(2πz/W )| ↓〉. Similar scattering
states have also been obtained for more general Rashba
interactions and a parabolic confining potential [18].
Figure 1 explains how nearly complete electron spin-
polarisation is possible in quantum wires transmitting the
lowest sub-bands under strong Rashba interaction.
We show that any Rashba interaction results in a finite
σe. The electron spin polarisation σe = 〈σz(E)〉 at a given
energy E for the 1a and 1b sub-bands is
σe =
1− (g1a(E, kSO))
2
1 + (g1a(E, kSO))2
−
1− (g1b(E, kSO))
2
1 + (g1b(E, kSO))2
. (12)
The mixing functions g1a,b(kx) have been re-expressed as
functions of energy E as σe is to be calculated at a fixed
E rather than a fixed kx. Clearly, in the absence of inter
sub-band mixing, 〈σz(E)〉 is zero. When the spin-orbit
interaction is weak (kSOW < 1), and the energy is far
from the region of sub-band mixing, the mixing functions
g1a(b) will be small compared to unity and 〈σz(E)〉 ≈
2[(g1b(E, kSO))
2 − (g1a(E, kSO))
2]. In this regime, the
energy-wavevector relations for the 1a and 1b sub-bands to
O(k2SO) are respectively kx ≈ −kSO±
√
2mE/~2 − π2/W 2
and kx ≈ kSO±
√
2mE/~2 − π2/W 2, which we can use to
express g1a ≈ −∆SO/(E2↓−E1↑) and g1b ≈ −∆SO/(E2↑−
E1↓) as functions of E :
g1a(E, kSO) = g1b(E,−kSO) ≈ −
2mW 2∆SO
3π2~2
×
[
1 +
4kSOW
2
3π2
(
−kSO ± k
1D
F
)]
. (13)
Here k
(1D)
F =
√
2mE/~2 − π2/W 2 is the 1D Fermi
wavevector in the n = 1 sub-band in the absence of Rashba
coupling. It follows that for weak spin-orbit coupling, the
electron spin polarisations for right (R) movers and left
(L) movers at energy E are respectively
〈σz(E)〉R(L) ≈ ∓6
(
16
9pi2
)3
(kSOW )
3(k
(1D)
F W ). (14)
Note that unlike an external magnetic field, the right and
left movers have an opposite net polarisation for both
strong and weak Rashba coupling. Thus, by imposing a
net electrical current which imbalances the left and right-
moving electrons, we are able to satisfy one of the require-
ments for the Overhauser effect; namely, we have a non-
equilibrium distribution of electron spin. Spin-orbit in-
teraction mediated electron spin polarisation can be con-
trolled non-magnetically also by applying a local strain
[19]; however, this will not fulfil our requirement of com-
pact external sources.
In Figure 2 we show a numerical calculation for the elec-
tron spin polarisation |〈σz〉| for the lowest two sub-bands
(1a and 1b) as a function of the dimensionless spin-orbit
interaction kSOW at different values of the energy E, us-
ing Eq.(12). The range of values of energy shown spans,
approximately, the range of Fermi energy over which only
the two lowest sub-bands (1a and 1b) are occupied. Note
that the polarisation undergoes a significant change when
kSOW reaches some large value; this is especially true at
low energies. One can understand this change by looking
at the spin structure of the 1a and 1b sub-bands in Figure
1b. When the energy is small enough, the two sub-bands
have opposite spin polarisations, and total polarisation is
the difference of the polarisations of the two. As kSOW
is increased, the sub-bands move down in energy until,
eventually, the energy will exceed the value at which both
sub-bands have the same polarisation, which causes a sig-
nificant increase in |〈σz〉|.
Now we show how a nonzero nuclear polarisation can
be created with a finite source-drain potential difference
p-3
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Figure 2: The electron spin polarisation (given by Eq.(12)) for
the lowest two sub-bands for different values of the energy E
(measured in units of ~2/2mW 2), and given chirality, plotted as
a function of the dimensionless spin-orbit interaction strength
kSOW . The fraction of nuclei polarised at saturation, 〈Iz〉/I,
is of the order of I |〈σz〉|. Actual InAs/GaSb quantum wires are
typically associated with spin-orbit interaction strengths in the
region kSOW . 1.
but without using an external magnetic field. Consider the
hyperfine interaction of the electron spin density s(ri) with
the host nuclear moments Ii at the centre of the quantum
wire,
Hhyp = A
∑
i
[2(s+(ri)I
−
i + s
−(ri)I
+
i ) + s
z(ri)I
z
i ], (15)
where A ≡ (4/Wδ)A3d, where A3d is the bulk hyperfine
constant, 4/Wδ is the electron density at the centre of the
wire, and s+ = (sx + isy)/2, etc. When the Rashba in-
teraction is strong and the Fermi energy is large enough,
right movers at the Fermi surface are nearly completely
polarised spin down and the corresponding left movers are
polarised spin up. When a right-moving electron at the
Fermi surface, say in the 1b state (i.e. spin down), ex-
changes its spin with a nucleus because of the hyperfine
coupling, the final state of the electron can either be a
higher energy sub-band such as 2b (not shown in Figure
1) with kx in the same direction, or a sub-band such as
1a with kx in the opposite direction with a similar energy.
The first process cannot occur with energy conservation,
unless there is simultaneous energy absorption from the
heat bath; hence it is small (exponentially activated) at
low temperature. The latter process involves a backscat-
tering which can occur while scattering from the nucleus.
If the chemical potential µL of the left contact is higher
than the chemical potential µR of the right contact, then
after backscattering with a spin flip, the electron can have
a higher energy than the chemical potential of the right
contact. Spin-flip backscattering of the left-moving elec-
trons is suppressed because µR < µL. We thus have a
situation where electrons exchanging spins with the nuclei
scatter preferentially from a spin down state.
The rate of change of transition probability for a hyper-
fine mediated scattering, say with ∆mI = −1, is
wkk′ =
8π
~
GA2νf , (16)
where νf = m/(2π~
2k
(1D)
F ) is the (1D) density of final
states and G = 12I+1
∑I
m=−I |I
−
m−1,m|
2 = 23I(I + 1), is
the appropriate average value of |I−|2 assuming that the
nuclear moments are unpolarised. We now obtain an ex-
pression for the rate of electron flips w(R ↓;L ↑) from the
right-moving | ↓〉 state to the left-moving | ↑〉 state follow-
ing the general prescription of Ref. [20]. The distribution
functions of the right-moving and left-moving electrons are
fn,s
R(L)(kx) =
1
e
(ǫn,s(kx)−µL(R))/kBT+1
. The energies ǫn,s(kx)
have been obtained in Eq.(7) and Eq.(8). We have not
considered magnetic fields here but that can also be incor-
porated in principle. The rate of electron flips per nucleus
from R ↓ to L ↑ is
w(R ↓;L ↑) =
∑
n,s
∫ kmax
kmin
dkx
2π
wkk′f
n,s
R (kx)[1− f
n′,s′
L (k
′
x)].
(17)
Here kmin and kmax correspond to the minimum and max-
imum values of kx > 0 where the electrons can be consid-
ered to be nearly completely polarised spin-down. kmin is
approximately given by the value of kx at which the 1 ↑and
2 ↓ bands cross (see Figure 1). We assume that the tem-
perature is low compared to the inter sub-band separation
as well as the potential difference and choose the left and
right chemical potentials to lie in the energy band where
spin polarisation is possible. The energy conservation con-
dition for the above transition is ǫn,s(kx) = ǫn′,s′(k
′
x).
Starting with unpolarised nuclei, the initial rate of change
of the polarisation 〈Iz〉 per nucleus at the centre of the wire
is −[w(R ↓;L ↑)− w(L ↑;R ↓)], i.e.
d〈Iz〉
dt
= −
8π
~
GA2(µL − µR)
∑
ns,n′s′
νnsνn′s′ . (18)
Here scattering from L ↑ to R ↓ is suppressed because
µR < µL. For I = 1/2 or at long times in general, 〈Iz〉+ I
will decay exponentially. A spin-down nuclear polarisation
is thus built up.
When spin-orbit coupling is weak, and the Fermi energy
is far from the (avoided) intersection of the sub-bands, we
have shown earlier that the right movers in the n = 1 sub-
bands can have either spin orientation with a small excess
of spin down electrons. Likewise the left movers have a
small excess of spin up electrons. Thus spin-flip backscat-
tering of spin-down right movers is not completely can-
celled by the spin-flip backscattering of the spin-up right
movers. Forward scattering does not contribute as in this
case the two competing spin flips occur at the same rate.
The initial rate of change of 〈Iz〉, therefore, is suppressed
by a factor |〈σz(ǫF )〉|. The initial rate T
−1
n of build-up of
p-4
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Figure 3: The initial build up time (measured in seconds)
for nuclear polarisation, Tn, given by the first of Eqs.(19), is
shown here as a function of kSOW for dimensionless energies
E = 10, 20, 30, and 40, nuclear spin I = 9/2, and a potential
difference of 1mV between the left and right leads. The inset
plot of log(Tn) versus log(kSOW ) clearly reveals the k
3
SO de-
pendence of the nuclear polarisation for kSOW < 1 obtained
analytically in Eq.(19). The example discussed at the end of
the paper approximately corresponds to kSOW = 0.3.
the polarisation 〈Iz〉 of a nucleus is
T−1n =
8π
~
GA2|〈σz(ǫF )〉|∆µ
∑
ns,n′s′
νnsνn′s′
≈
3GA23d
4
165
93π7
m2k3SO
~5k
(1D)
F
(
W
δ
)2
∆µ, (19)
where ∆µ = |µL − µR| and νn,s ≈ m/(2π~
2k
(1D)
F ). We
used Eq.(14) for |〈σz(ǫF )〉| ≪ 1, which is the expected ex-
perimental situation. We considered only the lowest sub-
bands. At finite temperatures exceeding |∆µ|/kB , the po-
larisation build-up rate decreases by an amount propor-
tional to the temperature owing to Korringa relaxation.
Eq.(19) is the main result of the paper.
Figure 3 shows a numerical calculation for Tn for a
InAs/GaSb quantum wire as a function of kSOW for four
different values of the energy at a fixed potential difference
of 1mV and δ = 5nm. The log-log plot in the inset shows
that the k3SO law obtained in Eq.(19) is indeed obeyed.
Complete nuclear polarisation is not possible in our
scheme when |〈σz(ǫF )〉| < 1 per sub band. Consider the
worst case scenario, I = 1/2. Nuclear polarisation stops
increasing once w(R ↓;L ↑)p↑ − w(R ↑;L ↓)p↓ = 0, where
p↑(↓) is the probability that the nucleus is spin up (down).
It is easy to see that this amounts to a steady state nu-
clear polarisation 〈Iz〉 ∼ |〈σz(ǫF )〉|. However, for larger
values of I, a nuclear transition mI → (mI − 1) does not,
except in the lowest two states, cause a corresponding in-
crease in the rate of the undesirable (mI − 1)→ mI tran-
sition. Larger polarisations are thus possible for I > 1/2 :
〈Iz〉/I ∼ I|〈σz(ǫF )〉| for small |〈σz(ǫF )〉|. Including more
sub-bands will further enhance both T−1n and |〈σz(ǫF )〉|.
The role of Rashba coupling in the build-up of nuclear
polarisation cannot be substituted by an external (Zee-
man) magnetic field. In that case, under conditions of a
non-zero (but small) bias, one can show that within lin-
ear response, the probability of a nuclear spin-flip process
involving scattering of a spin-up right-mover into a spin-
down left mover is identical to the probability of a nuclear
spin-flip process involving scattering of a spin-down right-
mover into a spin-up left mover. These two processes com-
pensate leading to no net build-up of nuclear polarisation.
The proposed method works even in the presence of a
Dresselhaus spin-orbit interaction, say, of the form HD =
~kD
m
(pzσz−pxσx). This is most easily seen by going over to
a basis consisting of eigenstates of σx. Then the Pauli ma-
trices transform as (σx, σy, σz) → (σz ,−σy, σx), and the
Dresselhaus interaction changes to a Rashba interaction
and our earlier treatment can be repeated. Hence if only
Dresselhaus is present, the spins will align along the x di-
rection. If both Rashba and Dresselhaus are present, then
the spin polarisation will be aligned along some direction
in the x–z plane. If the Dresselhaus interaction also con-
tains a σypy term, that will cause a mixing of sub-bands
in a direction perpendicular to the 2DEG. Since the con-
finement in this direction is stronger than the confinement
in the plane, the separation of the sub-bands will be large
and their mixing will be small compared to the in-plane
sub-bands.
Consider a typical InAs/GaSb heterostructure with ef-
fective electron mass m = 0.027me, IAs = 3/2 and
IIn = 9/2, and confinement ratio (W/δ)
2 = 10 (typical
ratio of sub-band energy spacings in GaAs devices). The
atomic density is 3.6×1028m−3, hyperfine couplings are of
the order of 100 µeV per atom (see for e.g. Ref. [21]), and
the Rashba coupling from Ref. [16] is kSO = 1.4×10
7m−1.
The average value of G is 9.5. For a small potential differ-
ence ∆µ = 1meV . ǫF , and using ǫF = ~
2(k
(1D)
F )
2/2m ∼
∆µ, we estimate from Eq.(19) Tn ≈ 200s. Estimating
W ∼ 1/k
(1D)
F , we have 〈Iz〉/I ≈ 2.5 × 10
−2 for In atoms.
The build-up rate is very sensitive to the spin-orbit cou-
pling strength and the confinement asymmetry. The small
number of polarised spins may pose a considerable prob-
lem for detection by conventional NMR. Though the situa-
tion can be further improved by having multiple quantum
wires parallel to each other, this is not ideal.
We would like to suggest two methods of detection.
Firstly, because 〈Iz〉 6= 0, the final term of the hyperfine
Hamiltonian (15) produces an effective magnetic field. By
applying an in-plane magnetic field as a reference, it is pos-
sible to infer the strength of the effective hyperfine field
and hence the polarisation from two-terminal conductance
measurements [6, 8].Secondly, since polarised radioactive
nuclei have an anisotropic decay pattern [22], it should be
possible to detect polarisation by measuring the beta de-
cay statistics [23]. In this case, 114In possesses a half-life
of 50 days, and may prove suitable.
Dipolar interactions of the nuclei will reduce the steady
state nuclear polarisation through spin diffusion out of the
boundary of the quantum wire, and spin-flip processes that
p-5
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do not conserve total spin. Small magnetic fields can be
used to strongly suppress such processes [24].
In conclusion, we have shown how a gate-controlled lo-
cal dynamic nuclear polarisation is possible in a quasi one-
dimensional wire with spin-orbit interaction subjected to
a finite source-drain potential. A significant polarisation
of a few per cent can be easily attained in present InAs
devices in about 200s, and may be detected by conduc-
tance measurements [6, 8]. The polarisation is very sensi-
tive to the strength of (gate-controlled) spin-orbit coupling
as well as the asymmetry of confinement in the quantum
wire. This method may prove useful in NMR studies in
semiconductor devices and in the local control of electron
spin decoherence in spin-based devices.
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